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Calcium, oxide becomes a component of the cement and CO2 is released to the atmosphere. The other source of CO2 during production of cement is due to the use of fuel for power production needed for calcining and clinkering., It is estimated that these two sources emit nearly equal amount of CO2. For each ton of cement produced, approximately 0.5 ton of CO2 is producetd by each of these two sources and hence the total CO2 production is 1 ,ton [Source: Portland Cement Association]. produced, its share will keep increasing because of the population rise and hence the increase of activities in the construction sector where cement is the major ingredient. In particular, the rapid population growth in China and India will require increase of cement production, and as a result, the cement production will also rise. This rise is responsible for the projected increased share of CO2 production by the cement industry [1] as shown in Fig. 1 . It is estimated that by the year 2015, -3500 million tons of CO2 will be produced annually, which is 3.5 times that of the current cement Berger et al. [2] and Young et al. [3] suggested that the sequestration of CO2 in Portland cement is a result of the chemical reactions given in Eq.
(1-4) given below. These reactions are written in cement chemistry notations, i.e., H = H20, C = CaO, C = CO2, S = SiO2, CnS = _ -dicalcium silicate (C2S) for n = 2, and tricalcium silicate (C3S) for n = 3.
where, w = y -n + x,
where x > x and y > y. This cement was characterized in the laboratory, before its use. Table 1 gives the chemical composition of the Portland cement Type I. As one can see, the content of C2S and C3S in this cement is high and should be responsible for the sequestration of CO2 in a significant amount.
The mineral phases of the cement pow4er are shown in the XRD output in Fig. 2 . 
• II i 13" ' Table 2 ives the CO2 budget in various types of the Portland cement, estimated on the basis of the reactions given by Equations 1-4.
Based on the numbers in this Table, The DTA output of the carbonated cement samples is shown in Fig. 3 .
As one may notice there are four dips at elevated temperatures. These are given in Table 3 along with the transformations occurring in the material at these temperatures. These transformations suggest that to estimate the content of CO2 in the cement, we can fire the specimens at temperatures >825 _C and find the weight loss occurring between 540 oc and that temperature. 
FIGURE 2 Differential thermal analysis of cement cured in CO2.
The analysis suggests that it is possible to estimate the amount of CO2 captured by measureing the weight loss of the cement between540 oC and 900 oc. We used this method to estimate CO2 capture in our work. The curing arrangement contained two identical desiccators, one for air curing and the other for CO2 curing. The desiccator for CO2 curing had an inlet and an outlet for the gas to enter and exit. Both desiccators were air tight and had water at the bottom so that inner atmosphere remained humid. The CO2 was bubbled through water whioch was stored at the bottom of the desiccator, so that the samples were exposed to moist CO2.
IH. STUDIES OF cleMEnT PASTE CURED IN
Samples were placed on wire shelves of both the desiccators just above the water level, so that the specimens had no direct contact with the water. To accelerat,, the evaporation of this water, an infra-red lamp was kept shining above the transparent covers of both the desiccators. The samples were protectea from the direct radiation by an opaque cover, so that excessive drying of the samples did not occur during curing.
After curing them for a 30 minute duration in CO2, the samples were dried at -75 oC. The second set of samples were cured in air also for this duration. However, in this short duration, the samples cured in air did nqt set. The exact dimensions of CO2 cured samples were measured and then they were tested immediately on an Instron machine in a compressive mode.
The parameter, which describes the relevant mechanical property from practical point of view for the use of cement concrete is the compression strength. This parameter reflects the load bearing ability of cement. The data on the carbonated samples is given in Table 4 . The data showed that setting and the strength enhancement in carbonated environment is more rapid than in air. Considering that the ASTM requirements for 28 day set Portland cement is 4000 psi, this strength may be obtained in a very short duration of 30 minutes by carbonating the cement paste. Extended studies showed further that During the f'trst day carbonated samples gained a strength more than twice the strength of air cured samples.
To estimate the intake of C02, the carbonated samples were weighed on an analytical balance and were heated to different temperature ,w 18 intervals suggested by the DTA result. The percentage weight losses at each of these temperatures are given in Table 5 . The data in Table 5 show that the amount of CO2 absorbed is -3.4%.
Considering the fact that the samples contain 50% Portland cement and 50% sand, this means that -6.8% CO2 can be absorbed in cement. It is also interesting to note that at 540 oC, due to decomposition of Ca(OH)2 into CaO and 1-120,the % weight loss is -2.3%. It may be possible to react CO2 with this Ca(OH)2 and produce CaCO3 and sequester more CO2. Such conversions have not been attempted in this project.
To confirm the conversions of dicalcium and tricalcium silicates due to carbonation of the cement according to the Equations 1-4 in the last Section, X -ray diffraction studies were done. Fig. 4 gives the X-ray diffraction output before the samples were fired to 980 oC and after they were f'tred. The relevant peaks were identified and are labeled in the Fig. 4 (b) may be due to decomposition of either CaCO3 or Ca(OH)2 or both. However, due to the absence of the peak of CaCO3, one can conclude that the weight loss at 980 oC is certainly due to evolution of CO2.
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To make the concrete samples, cement powder was mixed with silica sand in the desired ratios. The ratio of the concrete : water" (NH4)2CO3 was maintained at 100" 20 : 28. Samples made this way were subjected to the various tests given below.
Identification of minimum time of setting
During setting, it is expected that due to the exothermic reaction, the temperature of the solution will increase. A thermometer was used to monitor this temperature during setting. Each data point in Fig. 6 is an average of readings on four samples.
The time needed to press these samples and to place them in the desiccator varied between 5 m to 10 m, with an approximate average of 7 m. Thus the curing time on each sample was this initial time plus the time shown on the x-axis.
The amount of CO2 captured appears to be a logarithmic function of time. Initially, the capture occurs at a fast rate, but subsides in approximately 15 m of total curing. This is consistent with our earlier 11 interpretation of the data in Fig. 4 . Initially, CO2 is captured from the solution that was added to the cement during setting. However, the solution in the desiccator is at the room temperature and the sample has cooled down during transfer to the desiccator. In such environment, the rate of carbonation is low and hence the curve in We believe that the porosity might be affecting the carbonation of the concrete. At small content of the cement in concrete, the porosity is expected to be higher. This will result in an exposure of more surface area of the cement component to the CO2. This will result in higher CO2 capture at lower concentration of the cement component.
At 30% of the cement content, 24% CO2 is captured. It is 56% of the CO2 produced during calcining of CaCO3 for producing that cement. At 
